A BST R ACT High-sugar canned fruits, such as jam, marmalade, confiture, are characterized by a high content of soluble dry solids and high acidity, which allows to apply to them pasteurization processes as heat treatment. In comparison with sterilization processes, heat treatment of hermetically sealed canned food during pasteurization is implemented at temperatures less than 100 °C. The article presents the results of the development of scientifically-based pasteurization modes for high-sugar canned food for industrial continuous-acting pasteurizers (CAP -continuous-acting pasteurizers) of open type with a temperature in the heating area less than 100 °C. For today, such pasteurizers are widely spread due to the simplicity of their design, high productivity, with the option to reduce consumption of water, steam, electricity and to use it for the various types of packaging. So, the actual task of this article is the establishment of canned fruit pasteurization modes for such pasteurizers. The development of pasteurization modes for high-sugar canned food using strawberry jam as a sample was carried out in the experimental equipment simulating the operation of a continuous-acting pasteurizer. The studies were implemented to confirm that the developed modes of heat treatment in the CAP as a matter of fact provide industrial sterility of the produced high-sugar canned food. Optimal pasteurization modes have the following parameters: heat treatment in an autoclave sterilizer at a heating temperature of the heating medium 97 °C and stage-by-stage cooling of the products with water at temperatures 70 °C, 50 °C and 30 °C.
Introduction
The pasteurization process is preferable in comparison with the sterilization process in the subsequent manufacture of canned food for a range of products made of processed fruit. These products include the group of high acidic products with pH less than 4.2 and high-sugar canned food with a content of soluble dry solids within the range from 57 to 72 %, such as marmalade, jam, confiture and etc. [1] . High-sugar canned food is obtained by boiling of fruits and berries with sugar till the desired concentration of soluble dry solids (sugars). Such canned food is also characterized by the low content of active water α w -less than 0.75. Canned food with a low value of a w (less than 0.85) are susceptible for spoiling mainly due to development of fungi and yeast in them, but the bacteria, do not develop when a w in the products is less than 0.85 [2, 3] .
Thus the high concentration of sugars and organic acids in combination with the low content of active water in high-sugar canned fruit lead to destruction of yeast, fungi and vegetative forms of bacteria during heat treatment with temperatures below 100 °C, which is typical for the processes of the canned food pasteurization.
Thermal pasteurization for food preservation is based on the concept of lethal effect of heat treatment on microorganisms (heating) [4, 5] . Choosing the parameters of pasteurization modes -temperature and duration of products heating in autoclaves and pasteurizers, first of all the fact matters that the heat treatment mode provides industrial sterility of the produced canned food. In industrial-sterile canned food the microbiological stability and safety of the product are preserved throughout the shelf life defined for it. Canned food, heated at the temperature below 100 °C, conforms to the requirements of industrial sterility in case if the actual lethality of the heat treatment process A fact is equal or slightly exceeds the value of the required lethality A T Z : А fact ≥ A T Z [6, 7, 8] .
The required lethality of heat treatment for canned food is referred to normative value equal to duration of heating in the least heated point of the product with the base temperature, which ensures the destruction of vegetative forms and spores of microorganisms, that cause the spoilage of the product [6, 9, 10, 11] . Meanwhile choosing the new pasteurization modes it is necessary to take into account their impact on organoleptic parameters and nutritional value of canned products. The developed mode must guarantee the absence of the most heat-resistant microorganisms in the canned food, that can cause the spoilage of the product during storage, and also provide the organoleptic properties of the product [12] .
The choice of the optimal pasteurization mode also depends on the type of packaging of the finished product, the design features of the pasteurizers used (immersive, steaming, irrigational), as well as the type and method of supplying a of the thermal agent (steam, water, water streams) to heat the canned products in the pasteurization zone.
Continuous-acting pasteurizers (CAP) of immersive and irrigational type are usually used for pasteurization of high-sugar products, packaged in glass jars or in heat-resistant polymer packaging [13, 14] . In the industrial version this pasteurizer is a closed chamber with moving mesh transporter belt inside. The chamber consists of several zones: hot water pasteurization zone (heating zone) and 1-3 cooling zones. The cooling process is carried out by water or combined air and water method. In this case there are two types of cooling zones: air cooling zones and water cooling zones. The product remains in continuous motion during the entire pasteurization cycle in the CAP. The loading and the unloading processes are mechanized; the temperatures of the heating and cooling zones are set in accordance with the selected pasteurization mode. The temperature is maintained and recorded automatically, which ensures uniformity of the temperature area in the CAP zones [15, 16, 17] . The pasteurization of the canned food with using CAP has a range of advantages: no time intervals between packing and pasteurization of the canned food; decreased duration of the pasteurization process; reduced labor costs due to complete mechanization and automation of loading and unloading of canned food; reduced consumption of water, steam and electricity per unit of production; option to produce many types of canned food. Thus the aim of the research is development of heat treatment mode for the high-sugar products (marmalade, jam, confiture, berries pureed with sugar, etc.), providing industrial sterility of the produced cans for continuous-acting pasteurizers with temperature below 100 °C without backpressure.
Materials and methods
The following equipment, materials and methods were used to perform the work:
temperature recorder with automatic data processing (calculation of the actual lethality according to Bigelow) of brand «Ellab» CTF 9008 (Denmark) with a set of thermocouples for measuring of the temperature from 100 to 350 °C with an accuracy of 0.1 °C. It was used to measure the temperature of the heating area in the autoclave and the temperature at the least heated point of the product; laboratory electric vertical autoclave VEE-2-1-0.08-0.3-3 UHL (Russia) with automatic setting of heat treatment modes, with working pressure-3 MPa and temperature of the heating area 135 °C. The autoclave simulates the heating zone of a continuous pasteurizer, in the experiment it was used without backpressure; three WCH-12 high-temperature circulation thermostats (Korea) with constant maintenance of water temperature 70 °C, 50 °C and 30 °C (the simulation of pasteurizer cooling zones). strawberry marmalade with the content of soluble solids-68 %, manufactured according to the normative docu-ment 1 , packaged in glass jars 2 with screw lids, the diameter of the neck 68 mm and 350 cm 3 volume (Jar 1) and the diameter of the jar neck is 82 mm and the volume is 650 cm 3 (Jar 2), the temperature of the canned food packing before its immersion in an autoclave at 70 °C. device «Citronics», Swiss, for measuring of a w sample test-culture of fungi-strains of Penicillium glaucum fungi spores agarised nutrient medium DG 18 with dichlorane and glycerin according to ISO16000-17:2008 3 . There was assembled the experimental stand for development of pasteurization modes, on this stand the simulation of the operation of a continuous immersive pasteurizer was carried out. Initially the canned strawberry marmalade was heated up to a temperature inside the product at 70 °C and immersed in the experimental vertical autoclave stand. The product in the autoclave was carried out heated up at temperatures of the heating area: 97 °C, 95 °C, 90 °C (simulation of the CAP heating zone). Cooling was carried out in 3 thermostats with maintaining the temperature of the cooling area, respectively, 70 °C, 50 °C and 30 °C (cooling zone of the pasteurizer). The heating and cooling medium was water. Temperature of the canned food, heating and cooling medium was measured by the temperature recorder «Ellab». The schematic drawing of the experimental stand is shown in Figure 1 .
Results and discussion
The required lethality for strawberry marmalade pasteurization modes with a pH value = 4,2 4 (in foreign practice a control pH value = 4.6 is used in accordance with document 4 ) is selected from the conditions that ensure the death of mold spores of Penicillium glaucum, and is equal to A Z = 15 °C T = 80 °C = 40 ÷ 80 conditional minutes. The heating capacity of canned food during pasteurization depends mainly on its texture determined by the recipe, the size and material of the package, as well as the initial temperature of the product and the pasteurization temperature. The greatest efficiency of the pasteurization mode can be achieved by increasing the pasteurization temperature or the product packing temperature.
The rate of heat transfer in the jars with the product was determined by heating of the canned food in an open autoclave (which simulated the heating zone with water at a temperature of 97 °C, 95 °C, 90 °C), and cooling in 3 tanks with water at a temperature of 70 °C, 50 °C and 30 °C turn-by-turn (cooling zone of the pasteurizer). The temperature of the heating and cooling water as well as the temperature of the product, was measured by the thermocouples and «Ellab» potentiometer. The hot junction of the thermocouple was placed into the least heated area of the product. In high-sugar products heat transfer occurs only due to thermal conductivity, so the hot junction of the thermocouple was placed in the geometric center of the product packed in a glass jar [17] .
The pasteurization modes were calculated basing on the fact that the about 1/3 value of the actual lethality is achieved by the heat-conducting products during their heating up, and 2/3 are achieved during cooling down.
According to the obtained experimental data on heating rate of the canned food calculated the value of the actual lethality. To calculate the lethality rate, the temperature in the product was read at regular intervals (every 5 minutes). The corresponding lethality coefficients for these product temperature readings were added and the resulting sum was multiplied by the accepted time interval and in this way the actual lethality value was obtained.
The lethality value is the value of lethality per 1 minute at a certain temperature in the least heated point of the product. The lethality value was calculated by the formula:
where Z -is the constant of thermal stability of the test-microorganism, °C.
In this case z = 15 °C, and the base temperature (T bas ) is 80 °C.
During the tests on the stand, the marmalade was heated up to a packing temperature 70 °C, which is 3-5 °C below the temperature used in production conditions. In production conditions the packaged product immediately enters the pasteurizer almost without cooling. This product is packed in 2 stages: first -the berries are packed in a jar, and then they are poured by syrup.
Pasteurization modes were developed for high-sugar products (marmalade), the packing temperature of which cannot be raised to the temperature of the pasteurization zone, according to the production technology.
Products with a low packing temperature (70 °C) must stay longer in the pasteurization zone. For other types of high-sugar canned food (jams, confitures and, berries pureed with sugar), which packing temperature can be raised higher, they will meet the requirements of industrial sterility even higher, if pasteurization is carried out according to the modes developed for marmalade.
According to the experimental data obtained at the stand, charts of temperature changes curve in the heating area and the temperature in the least heated point of the product with indication of the actual lethality value (Figure 2 and Figure 3 ) are constructed. The heating of canned food for recording of temperature change curves was carried out in three replications.
Below there are presented the data of processing of experimentally obtained heating curves and pasteurization modes of high-sugar cans for continuous-acting immersive pasteurizers at heating area temperatures 97 °C, 95 °C and 90 °C.
For high-sugar products (strawberry marmalade), packed in a glass jar 1 on the stand, was processed in the following modes of pasteurization with the calculation of the actual lethality:
The obtained values of the actual lethality were compared with the value of the required lethality -A Z = 15 °C T = 80 °C = 40 ÷ 80. The choice of the optimal pasteurization mode is determined by the duration of the pasteurization process. For marmalade, packed in the glass jar 1, this mode was the following: tion mode is determined by the duration of the pasteurization in the glass jar 1, this mode was the following: For high-sugar products (strawberry marmalade), packed in a glass jar 2, the pasteurization modes are following:
The comparison of the obtained values of the actual lethality with the value of the required lethality -A Z = 15 °C T = 80 °C = 40 ÷ 80 conditional min, shows that the optimal pasteurization mode for marmalade, packed in a glass jar 2, was the following:
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For high-sugar products (strawberry marmalade), packed in a glass jar 2, the pasteurization modes are following: ., shows that the optimal pasteurization mode for marmalade, packed in a glass jar 2, was the following: So, for the established modes of pasteurization the optimal modes are: the heating (heat treatment) in an autoclave at a temperature of the heating area 97 °C and step-by-step cooling of the product by water with temperature 70 °C, 50 °C and 30 °C. The time of food exposure in the heating zone is 25 minutes (for jar 1) and 40 minutes (for jar 2), in 1-st and 2nd cooling zones the jars are exposed for 10 minutes, in the last cooling zone for the product, packaged in glass jar 1 is cooled for 15 minutes, and the product, packed into the glass jar 2 is cooled for 20 minutes.
The temperature of the product conveyed to the CAP pasteurization zone, must not be lower than 70 °C. Increasing the product packing temperature on 5 °C will reduce the pasteurization mode, and that will reduce the time of exposure in the heating zone for 7-10 minutes.
The canned food, produced according to the obtained pasteurization modes, meet the requirements of industrial sterility. When determining the compliance of canned food with the requirements of industrial sterility, the absence of mold fungi (including Penicillium glaucum) and yeast was confirmed by plating of DG 18 with dichlorane and glycerin into agarized nutrient medium. For high-sugar products (strawberry marmalade), packed in a glass jar 2, the pasteurization modes are following: ., shows that the optimal pasteurization mode for marmalade, packed in a glass jar 2, was the following: So, for the established modes of pasteurization the optimal modes are: the heating (heat treatment) in an autoclave at a temperature of the heating area 97 °C and step-by-step cooling of the product by water with temperature 70 °C, 50 °C and 30 °C. The time of food exposure in the heating zone is 25 minutes (for jar 1) and 40 minutes (for jar 2), in 1-st and 2nd cooling zones the jars are exposed for 10 minutes, in the last cooling zone for the product, packaged in glass jar 1 is cooled for 15 minutes, and the product, packed into the glass jar 2 is cooled for 20 minutes.
The canned food, produced according to the obtained pasteurization modes, meet the requirements of industrial sterility. When determining the compliance of canned food with the requirements of industrial sterility, the absence of mold fungi (including Penicillium glaucum) and yeast was confirmed by plating of DG 18 with dichlorane and glycerin into agarized nutrient medium.
So, for the established modes of pasteurization the optimal modes are: the heating (heat treatment) in an autoclave at a temperature of the heating area 97 °C and step-by-step cooling of the product by water with temperature 70 °C, 50 °C and 30 °C. The time of food exposure in the heating zone is 25 minutes (for jar 1) and 40 minutes (for jar 2), in 1-st and 2-nd cooling zones the jars are exposed for 10 minutes, in the last cooling zone for the product, packaged in glass jar 1 is cooled for 15 minutes, and the product, packed into the glass jar 2 is cooled for 20 minutes.
It is necessary to take into account the characteristics of the equipment available at the enterprises in order to optimize the pasteurization modes, then to produce experimental batches of canned food, put them for 3-month storage, further open the can and conduct microbiological studies in accordance with the requirements of industrial sterility.
Conclusion
Upon the results of the work: 1. There have been developed the optimal pasteurization modes of high-sugar canned food for continuous-acting pasteurizers of immersive type with the temperature of the heating area below 100 °C and for various types of jars. 2. The developed modes of pasteurization of high-sugar canned food can be recommended for continuous-acting pasteurizers of irrigational type. In this case, preference should be given to pasteurizers with a temperature in the heating zone not less than 95 °C. 3. For achieve the industrial sterility of high-sugar cans and to reduce the duration of the pasteurization process, it is necessary: -to ensure the product packing temperature from 70 °C and higher till to the maximum permissible values (85-90 °C); -to ensure minimum distance between the capping machine and the entry of the product to the pasteurizer in order to minimize the loss of product temperature in the package; -to provide automatic maintenance of the set temperatures on zones of heat treatment (pasteurization) and cooling. 4. Continuous-acting pasteurizers can be recommended for the production of other types of high-sugar and high-acid canned food: marmalade, jams, concentrated juices and tomato products, etc.
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